Abstract. In this study, the potential of wind energy in Osmaniye Region has been analysed statistically on the basis of information that has been measured hourly between the years 2009 to 2013. The two-parameter Weibull Distribution Function is generally applied to evaluate the potential of wind energy in any region. This study introduced the evaluation of Weibull Distribution Function parameters which are obtained by di erent kinds of numerical methods, namely Graphical Method (GM), Moment Method (MM), Energy Pattern Method (EPM), Energy Trend Method (ETM), and Maximum Likelihood Method (MLM). The Relative Percentage Error (RPE) of statistical test is used to compare the e ciency of all used methods. The calculated power density of all used numerical methods is a major key issue for suitability use of wind energy. The evaluation of Weibull parameters and wind power distribution play a crucial role in producing electricity from wind power. The results of the used methods are compared, and the obtained pre-research results show that the wind energy potential in Osmaniye Region is statistically suitable for electricity production.
Introduction
Nowadays, the need of energy is increasing day by day due to the population growth and the advancements of technology [1] . Hence, the search for new energy resources becomes a very important subject for the entire world [2] . Energy is the most important factor which a ects economic structure of a country. As is known, energy is seen as not only the internal dynamics of the countries, but also as a strategic case which a ects International Relations, including political as well as military con icts. Energy is also the primary element of economic and social development in the world [3, 4] . In recent years, renewable generations, *. E-mail address: alperkaplan@osmaniye.edu.tr doi: 10.24200/sci.2017.4354 especially wind power and photovoltaic (PV) systems, have been increasingly used in power systems [5, 6] . Wind energy has been used in irrigation, wheatgrinding, vessels, and many other elds because it is an environmentally-friendly future energy resource. Furthermore, wind energy is used for meeting the energy requirement that will be the most important problem of the future world. They are also powerful political players, thanks to the economic power. Currently, wind energy is seen as a positive alternative to fossil fuels and also a way to assist the expansion of local economies in future. The world will use renewable energy instead of using fossil fuels in order to meet the demands of the world's energy [7, 8] . The consumption of fossil fuels has negative environmental impacts, particularly the release of carbon dioxide (CO 2 ) and other harmful gases into the atmosphere. CO 2 emissions can be greatly reduced through the use of renewable energy resources [9] . Wind consists of the temperature and pressure di erence that is resulted from heating and cooling of the atmosphere. It is estimated that almost 2% of all sun energy that the world gets is converted into the kinetic energy of wind. When it is considered that this quantity is the thousands of times of the world's total energy consumption, the signi cance of wind energy can be understood. Wind energy depends on the wind speed. Speed of wind changes with the height, and power of wind changes with the cube of wind speed. There are many studies related to wind energy subject, and the speed of the wind is taken as a random parameter. The most common distribution function to de ne the wind speed variation is Weibull distribution function. This study aims to determine the wind energy potential in Osmaniye. We have collected the ve-year data of the wind speed measured at 10-meter height from the General Directorate of State Meteorology. Kantar and Usta [10] analyzed the use of the minimum cross entropy principle in the estimation of wind speed distribution and wind power density functions. Moreover, they compared the Weibull pdf (probability density function) with the MinxEnt (minimum cross-entropy principle) pdfs. Akda g and Dinler [11] reviewed di erent methods, i.e. the graphical, maximum likelihood, moment methods, and energy pattern method. Bilgili and S ahin [12] investigated wind energy density in the southern and southwestern regions of Turkey using the Weibull and Rayleigh probability density functions. Rocha et al. [13] dealt with the evaluation and comparison of di erent numerical methods for the assessment of e ciency in determining the parameters for the Weibull distribution function, using wind speed data collected in Camocim and Paracuru cities. Freitas et al. [14] introduced a new approach for analyzing numerical methods used in calculating the Weibull distribution parameters for the prediction of wind energy source. Chang [15] reviewed six kinds of numerical methods, commonly used for estimating Weibull parameters. Bilir et al. [16] collected wind data for a year between June 2012 to June 2013. Wind speed data, collected for two di erent heights (20 m and 30 m) from a measurement station installed in Atlm University campus area (Ankara, Turkey), were recorded using a data logger as one-minute average values. They determined l shape (k) and scale (c) parameters of Weibull using ve di erent methods. The Weibull distribution function has been generally used to assess wind energy potential. Yaniktepe et al. [17] investigated the wind energy potential in Osmaniye for a period of 44 months, from January 2008 to August 2011. They used the graphical method to determine the coe cients of Weibull distribution function. In this present study, ve di erent methods were used to determine the coe cients of Weibull distribution method for a period of ve years, and also the calculated average wind speed and power density of all used numerical methods were compared to the real data. The Weibull distribution function has two parameters which are dimensionless shape parameters`k' and scale`c'. These parameters must be calculated to determine the average wind speed and wind power density.
Statistical analysis of wind energy
Firstly, it is necessary to determine wind power potential to bene t from wind energy. It is well known that the power of the wind energy depends on wind velocity`v', blade swept area of wind turbine`A', and air density of region`'; plus, the power of wind energy is given in the following equation [10] :
As seen, wind speed is the most important input in order to determine the power potential. Wind direction plays an important role in the placement of wind power conversion systems, excluding the e ective potential. In order to identify a region of the wind power potential, it is required for wind velocity values to be measured at speci c time intervals. To do this, measurements of meteorological stations and airports can be utilized.
Weibull distribution function
In practice, a variety of methods have been utilized to determine the wind energy of a region. A wind speed distribution measure or a frequency distribution is used to determine the wind energy potential of a speci c region, if possible. If not, wind speed distribution can be demonstrated through other analytical distribution functions. There are many distribution functions to determine the dispersion of wind speed for any region. One of these functions is the Weibull distribution function. This distribution is not only quite exible and simple, but it also complies with real data. In other words, as Weibull distribution complies with the wind speed data, it is generally accepted in wind energy analyses [18] . Firstly, as shown in Table 1 , a speci c frequency range of wind speed (the number of blowing) and the probability are obtained. In the second column of Table 1 , wind speeds are grouped periodically. The third column gives the average wind speed for each speed ratio. The number of blowing each speed ratio or frequency is shown in the fourth column. The probability density is located in the fth column of the table. The cumulative probability density function is given in the sixth column. Probability density of each speed ratio is given in the following equation: Figure 1 . Probability density and cumulative probability distributions of wind speed.
The cumulated probability density, which is given in the following equation, is illustrated in the sixth column of the table [19, 20] :
The obtained probability density and the cumulative probability distributions of wind speed ranges are given in Figure 1 . The general expression of the two-parameter Weibull is given by:
The cumulative function of wind speed can be attained by computing the integral of the probability density function given by:
where p(v) is the observed probability density function, P (v) is the cumulative probability density function, shape (k) and scale (c) are the parameters of Weibull distribution function [21, 22] .
Determination of Weibull parameters
There are many methods to determine shape parameter \k" and scale parameter \c" of Weibull distribution Function. In this work, there are ve popular methods used to determine Weibull parameters; these are: Graphical method; Moment method; Energy trend method; Energy pattern method; Maximum likelihood method. The Weibull distribution function, which is a three-parameter function, known for wind speed though, can be expressed mathematically in a twoparameter model.
Graphical methods
In this method, the least squared regression is used to determine parameters k and c. By taking twice logarithm of the general expression of Weibull distribution function, the graphical method is obtained as follows:
this equation is found. Here, x = ln(v), y = ln[ ln[1 [10, 12] . The values of`x' and`y' can be calculated by Table 2 
Calculated parameters`k' and`c' for Graphical method are shown in Figures 3 and 4 , respectively.
Moment methods
Moment method is one of the oldest methods used to determine Weibull distribution parameters. Moment method is a method where data distribution allows a solution of the relationship between average and standard deviation values, with these values being between the shape parameters using numerical methods for determining the scale of 1 to 10 and the shape parameter. Shape and scale parameters can be expressed as in Eqs. (9) and (10) 
where is Gamma function. In the following equations, shows standard deviation, and v m shows average speed:
Calculated parameters`k' and`c' for Moment Method are shown in Figures 5 and 6 , respectively. 
Energy trend method
Energy pattern factor E P F is de ned as wind energy obtained by the ratio of total wind energy to the average wind speed. In this method, parameters`k' and`c' can be easily calculated by using E PF [11] : 
The scale parameter is calculated as follows:
Calculated parameters`k' and`c' for energy trend method are shown in Figures 7 and 8 , respectively. 
Energy pattern method
Energy pattern factor is de ned as wind energy obtained by the ratio of total wind energy to the average wind speed. After calculating energy tendency factor (E P F ), shape parameter (k) can be obtained and then parameter (c) can be calculated, using average wind speed [13, 15] :
Calculated parameters`k' and`c' for energy pattern method are shown in Figures 9 and 10 , respectively.
Maximum likelihood method
The maximum likelihood estimation method is a mathematical expression recognized as a likelihood function of the wind speed data in time series format. In this method, many numerical iterations can be required to determine parameters k and c of the Weibull function. In this method, values of Weibull parameters k and c are calculated by the following equation [13, 15, 16] :
Calculated parameters`k' and`c' for maximum likelihood method are shown in Figures 11 and 12 , respectively.
The obtained results
Weibull parameters`k' and`c' are computed for all methods in the mentioned period, and the obtained results are given in Table 3 . The average wind speed`V m ' and wind power density`P M ' can be computed by the following equations for real-time series of data:
The average wind speed`V m ' and wind power densitỳ P W ' of Weibull Distribution Function can be estimated by the following equations:
The average wind speed and wind power density for all methods are given in Figures 13 and 14 . Figure 13 . The mean wind speeds for all used methods.
Statistical error analysis
To determine the e ciency of the used methods and to nd the best method of the mentioned methods, the Relative Percentage Error (RPE) test can be used. The equation of RPE test is given in the following equation [24] :
The RPE statistical results of all methods for ve years are given in Table 4 . 
Conclusions
In this study, by using the available wind data, the reliability and quality of wind speed for Osmaniye region were evaluated, and the values of Weibull parameters k' and`c' were determined by using di erent kinds of estimation methods. The obtained results show that the frequency and density of wind speed within 10 m height is at a su cient level. This study is a preliminary study for the determination of wind potential before making an investment in wind energy for one region. We have examined the coherence of wind speeds with the Weibull distribution function by using wind speed data for the years 2009 to 2013. The present study is a pre-research conducted for predicting the wind energy analysis of Osmaniye region. According to test results of the Relative Percentage Error (RPE), GM's performance in estimating Weibull parameters is the worst one, and the best parameter estimation is accomplished by using EPM. Moreover, this study can give useful insights for the investors in Osmaniye Region to deal with wind energy. In future studies, the scope of this study can be expanded and detailed to determine the wind energy potential of Osmaniye Region.
